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Background
Pseudoaneurysms constitute a quite common complication after procedures requiring puncture of the common femoral artery. The risk factors of this condition include: obesity, arterial hypertension, sex, and antithrombotic therapy [1] [2] [3] .
A low-invasive method of aneurysm obliteration is the US-guided injection of thrombin to its lumen [3, 4] . Such a treatment was introduced in our Department in 2006 and has led to a considerable decrease in the number of performed surgical procedures since.
Aim of the work
The aim of the work was to evaluate the efficacy of the US-guided injection of thrombin into the lumen of the femoral artery pseudoaneurysm, which formed after diagnostic and therapeutic procedures in patients with cardiological conditions. The obtained USG images allowed for identification of the features of pseudoaneurysms on the basis of which it was possible to form criteria of application of that treatment procedure.
Material and Methods
Pseudoaneurysms of the femoral artery were diagnosed in 37 patients (28 women and 9 men, mean age 62.7 years) hospitalised at the Department of Cardiology and Cardiosurgery in the years 2006-2009 and subjected to coronarography or coronary angioplasty. Pseudoaneurysms constituted complication of femoral artery canulation.
Physical examination at the site of femoral artery puncture revealed oedema and skin reddening in most of the cases. Patients reported severe pain of the inguinal area and of the lower limb.
Every patient was then subjected to an ultrasound examination of the inguinal area with a Voluson 740 GE ultrasound scanner, linear probe, broadband high resolution (7) (8) (9) (10) (11) (12) in grey-scale mode and with the use of Doppler options.
After revealing the presence of the psuedoaneurysm and identification of its morphological features (volume, presence of septa), the blood flow within the aneurysm was evaluated and patients were qualified for thrombin treatment. The scheme of thrombin injection was established on the basis of the literature [1] [2] [3] . With the use of the available literature data, it was possible to establish the dosage, i.e. the number of bovine thrombin units injected to the lumen of the pseudoaneurysm. This number depended on the size of the aneurysm mainly, and its morphological features. In the examined cases, the injected amount of thrombin ranged from 400 to 800 units, on average. The most significant criteria of choice included the size of the aneurysm in mm (above 10 mm), its width, and the length of its neck, with a visible blood inflow (Table 1) .
Results
Taking into consideration the safety of the procedure, 33 patients with an aneurysm of more than 10 mm in diameter were qualified for thrombin injection. In three cases, in which the size of the aneurysm was small, i.e. below 10 mm, a conservative treatment was introduced with the use of a compression band. In one patient, due to a considerable oedema of the surrounding tissues and a deep location of the tumour in the inguinal area, the thrombotic treatment was withheld for technical reasons.
In 30 patients, a one-course treatment was successful and resulted in thrombus formation in the lumen of the pseudoaneurysm after a few seconds from thrombin administration. In 3 individuals, due to the presence of a multicellular aneurysm, thrombin was injected twice. This led to a full obliteration in two cases only. After an unsuccessful twofold administration of thrombin, one patient was referred for a surgical procedure. The reason for this failure was a short and a wide neck of the aneurysm, which, on USG Doppler, showed a constant blood inflow into the aneurysm, leading to its volume increase.
No patient revealed any complications of the performed thrombin injections. In the follow-up ultrasound examinations, often performed by us on the 1 st , 2 nd , and 3 rd day after the procedure (in the early days of method application), no recanalisation of pseudoaneurysms was found. The last ultrasound evaluation, usually performed after 3 weeks from the day of the procedure, tended to show a full resorption of the pseudoaneurysm (Tables 1-4 ).
Age Range
Study group I (N=37) 62.7 years 53-83 years Table 3 . Age of patients from the study group.
One-cavity Multicellular
Number (N=37) 34 (91.8%) 3 (8.1%) Original Article
Discussion
Coronary diagnostics and cardiosurgery are commonly performed nowadays in cardiological cases. The most frequent complications include the formation of pseudoaneurysms of the femoral artery after its canulation. The incidence amounts to 0.1-5.5% of the procedures of cardiac catheterisation [2, 4] . According to some other authors, this is as much as 7.7% [3] [4] [5] . Statistically, this is a rare complication, but due to a steadily increasing number of endovascular procedures, the absolute number of such complications rises as well. Other possible complications include haematomas, arteriovenous fistulas, peripheral artery embolisms.
Among multiple factors promoting the formation of pseudoaneurysms, there are: female sex, obesity, hypertension, puncture of the femoral artery and vein at the same time, difficulties in a proper compression of the injection site, extensive calcifications in the arterial wall, antithrombotic therapy, hemodialysis [5, 6] .
Currently, the easiest diagnostic method of this complication is Doppler US. The examination is easy to perform, even in patients with a large oedema and pain in the lower limb. In ultrasound image visualisation, pseudoaneurysms are presented by fluid spaces located in soft tissues and communicating through their neck with an artery. Doppler examination reveals blood flow within vessels. The surrounding tissues are mostly oedematous and are frequently accompanied by the presence of single or multiple haematomas.
According to the anatomical classification, pseudoaneurysms can be divided into single-and multicellular ones. Ultrasound examination allows for a precise determination of the aneurysm size and volume, as well as visualisation of the pseudoaneurysm neck, its course, length and width. The length and width of the aneurysm neck is a prognostic factor in evaluation of the evolution of changes within the aneurysm [5] .
Treatment of pseudoaneurysms is necessary due to the possibility of multiple complications connected with rupture and haemorrhage, as well as because of severe pain reported by patients, compression on the femoral nerve, or even the dysfunction of the lower limb.
The hitherto prevailing treatment of femoral artery pseudoaneurysms was mostly conservative and included the use of a mechanical compression or, in some particular cases, performance of surgery, which is always connected with a higher risk of complications.
Thrombin used for pseudoaneurysm obliteration has substantially reduced the number of the performed procedures, shortened the time of patients' hospitalisation, and significantly reduced their pain. First reports on the effectiveness of thrombin injected into the lumen of the pseudoaneurysm for its obliteration are dated 1986 and were presented by C. Cope and R. Zeit [7] .
Bovine thrombin is a polypeptide which is formed from prothrombin activated by calcium ions, factor Xa, Va and phospholipids. Thrombin is an active enzyme converting fibrinogen into fibrin and leading to thrombus formation. Administration of exogenous fibrin also exerts the transition of fibrinogen into fibrin, leading to thrombus formation [8, 9] .
The easiness of thrombin administration depends on a few factors. The depth of the aneurysm defines application of a proper injection set. The number of the aneurysm cavities diagnosed on US determines the success of the surgical procedure after one injection of thrombin. Sometimes, multicellularity of the aneurysm requires injection into every cavity. Some other time, a substantial oedema of the surrounding tissues, as well as the presence of haematomas hinders the injection.
These are the most frequent difficulties with the performance of this simple procedure. The effectiveness of thrombin injections into the aneurysm lumen ranges, according to different studies, from 90 to 100% [7] [8] [9] [10] .
Complications include procedure inefficacy and the necessity of surgery. Other complications, such as allergic reactions to bovine thrombin and arterial embolism due to thrombin penetration into the arterial lumen, are extremely rare. Some authors recommend filling the cavity of the aneurysm with physiological saline in order to improve the safety of the procedure and to confirm the presence of the needle inside the aneurysm [10] . In our studies, this method was used several times to facilitate visualisation of the needle inside the aneurysm.
There are not many reports on complications in the form of venous thrombosis. Authors point to the possibility of thrombosis caused by the compression of the pseudoaneurysm on veins. Hung et al. described two requiring surgery cases of deep vein thrombosis being the result of compression on the saphenous vein, caused by pseudoaneurysm obliterated with thrombin. [11] .
Complication in the form of peripheral thrombosis, present in one patient out of 186 subjected to obliteration, was described by Klopotowski et al. However, in this case, symptoms resolved on their own, without the necessity of pharmacotherapy. Rare complications include the formation of an abscess at the point of puncture [12, 13] .
Pope and Johnson, on the other hand, described two cases of anaphylactic reaction after thrombin administration, which were successfully treated with hydrocortizol [14] .
Ultrasound examination is helpful in the evaluation and qualification of femoral artery pseudoaneurysms for surgery, when thrombin administration is impossible. Surgery for pseudoaneurysm is recommended in cases of a rapid increase of the aneurysm volume, symptoms of peripheral ischaemia caused by compression on the femoral artery, neuropathy caused by compression on the femoral nerve, features of pseudoaneurysm infection and ineffectiveness of transdermal surgeries [5] .
In our material, we performed a successful obliteration of the pseudoaneurysms in 33 cases (96%). These procedures were introduced a few hours after diagnosing pseudoaneurysm. Under US guidance, we injected thrombin into the lumen of the pseudoaneurysm, at a rate of 5-10 seconds and obtaining a fast coagulation. The lumen of the aneurysm was being filled with thrombus in up to approx. 10 seconds. Next, with the use of Doppler techniques, we evaluated the presence of the blood flow. It was absent in most of the cases. The mode of thrombin administration depended on the size of the aneurysm. Fast coagulation was achieved in small aneurysms, of 10-30 mm in diameter, and in aneurysms with a long neck. Such an anatomical structure is connected with the lowest possible risk of thrombus penetration into the systemic circulation ( Figures 1A,B, 2A,B ).
In the early days of these procedures, frequent monitoring of the results of thrombin injection (1 st , 2 nd , and 3 rd day) resulted from our lack of any experience in the application of this method and from our concern for its effectiveness.
With time, we abstained from such a frequent monitoring and developed our own scheme of action. On the basis of those own experiences, it seems that a follow-up examination on the first day after the procedure is sufficient, especially in case of small, one-cavity aneurysms.
In case of mutlicellular aneurysms and those with a short neck, ultrasound examination should be performed on the second day as well.
After a thorough analysis of all cases subjected to treatment with US-guided thrombin injection, the effectiveness of this method was rated as high, i.e. for 96%, which may be confirmed by multiple reports from other Polish and foreign centers applying a similar method of treatment of the femoral artery pseudoaneurysms, with a high rate of successful obliterations, amounting to 93-100% [1, 15] . We did not find any complications during thrombin administration, and the recovery time was significantly shorter than in case of surgeries.
The most significant result of the treatment was the nearly immediate pain relief. Still, the most difficult procedures are the ones with aneurysms located deep in the groin, with a poorly visible neck, which reduces the safety of the procedure. A detailed action plan should be developed for large aneurysms as well (of >50 mm in diameter, with a short neck). There is always a risk of thrombus in the femoral artery. Other issue to work on is the identification of morphological and clinical features predisposing to the development of iatrogenic aneurysms during different diagnostic and therapeutic procedures, such as the evaluation of atheromatous lesions in the femoral artery. In the Polish literature, there appeared multiple reports on that issue [5, 6, 10 ].
In our work, due to a low number of performed thrombin injections, we did not refer to any control group, to compare the effectiveness of the method in relation to surgical procedures [16] . Such studies will be possible due to the continuation of this method, i.e. a non-invasive treatment of pseudoaneurysms of the femoral artery with the use of thrombin.
Conclusions

